Mutations in Gasdermin 3 Cause Aberrant Differentiation of the Hair Follicle and Sebaceous Gland  by Lunny, Declan P. et al.
See related Commentary on page vi
Mutations in Gasdermin 3 Cause Aberrant Differentiation of the
Hair Follicle and Sebaceous Gland
Declan P. Lunny, Erica Weed, Patrick M. Nolan,w Andreas Marquardt,z Martin Augustin,z
and Rebecca M. Porter1
School of Life Sciences, University of Dundee, Dundee, UK; wMammalian Genetics Unit, MRC Harwell, Harwell, UK; zIngenium Pharmaceuticals AG,
Martinsried, Germany
Defolliculated (Dfl) is a spontaneous mouse mutant with a hair-loss phenotype that includes altered sebaceous
gland differentiation, short hair shafts, aberrant catagen stage of the hair cycle, and eventual loss of the hair
follicle. Recently a similar mutant, ﬁnnegan (Fgn), with an identical phenotype was discovered during a phenotypic
screen for mutations induced by chemical mutagenesis. The gene underlying the phenotype of both ﬁnnegan and
defolliculated has been mapped to chromosome 11 and here we show that both mice harbor mutations in gas-
dermin 3 (Gsdm3), a gene of unknown function. Gsdm3Dfl is a B2 insertion near the 30 splice site of exon 7 and
Gsdm3Fgn is a point mutation T278P. To investigate the role of the gasdermin gene family an antiserum was raised
to a peptide highly homologous to all three mouse gasdermins and human gasdermin. Immunohistochemical
analysis revealed that gasdermins are expressed specifically in cells at advanced stages of differentiation in the
upper epidermis, the differentiating inner root sheath and hair shaft and in the most mature sebocytes of the
sebaceous gland and preputial, meibomium, ceruminous gland, and anal glands. This expression pattern suggests
a role for gasdermins in differentiation of the epidermis and its appendages.
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Defolliculated is a spontaneous mouse mutation localized to
chromosome 11 (Porter et al, 2002). The phenotype of these
defolliculated mice is characterized by aberrant hair shaft
formation followed by loss of hair and eventually the com-
plete obliteration of all hair follicle structures with the ex-
ception of the vibrissae. The sebaceous gland is also
defective showing reduced sebum production probably be-
cause of altered differentiation. The hair follicle growth cycle
is also affected. The normal cycle consists of a growth
phase (anagen), regression phase (catagen), and resting
phase (telogen). In defolliculated mice the catagen phase is
incomplete resulting in abnormally long follicles in the next
growth phase.
A number of other alopecia phenotypes have also been
mapped to a similar region of chromosome 11. These in-
clude Bareskin (Bsk) (Lyon and Glenister, 1984), Rex-de-
nuded (Re-den) (Lyon and Zenthon, 1987), Rim3 (Sato et al,
1998), and Reduced Coat2 (Rco2) (Runkel et al, 2004).
While mapping the gene responsible for Rim3, Saeki et al
(2000) identified a novel gene that together with the human
homolog was restricted in expression to skin and gastric
tissues (Saeki et al, 2000). These authors therefore named
this gene ‘‘gasdermin’’. There is now evidence for a mouse-
specific gasdermin gene cluster on chromosome 11 con-
sisting of three highly homologous genes coding for pro-
teins of approximately 50 kDa (Runkel et al, 2004). This
gene replication has not occurred in the human or rat gen-
omes. Gasdermin 3 (Gsdm3), unlike the other two genes in
the family, is expressed only in the epidermis (Runkel et al,
2004). Mutations in Gsdm3 have been identified to be re-
sponsible for the Bareskin, Rex-denuded and Reduced
Coat 2 phenotypes (Runkel et al, 2004). To date no mutation
has been found in Gsdm1 or Gsdm2.
In this study we identify further mutations in Gsdm3 in
defolliculated, and also in finnegan another mouse mutant
that has been mapped to the same region of chromosome
11. In addition we describe a new antibody to gasdermins
and show the immunolocalization of these proteins in skin
and gastrointestinal tissues. The data suggests a specific
role for gasdermins in differentiation of skin and its ap-
pendages.
Results
The phenotype of defolliculated is associated with a B2
insertion in Gsdm3 The three candidate gasdermin genes
Gsdm1, Gsdm2, and Gsdm3 were sequenced in affected
defolliculated mice and an insertion of a Mus musculus B2
element near the 30 splice site of exon 7 starting at nucleo-
tide position 861 of the Gsdm3 mRNA sequence was iden-
tified (Fig 1; accesssion no. AY679090). B2 elements are a
major family of short interspersed nuclear elements (SINE),
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characterized by relatively short repeat units of  190 bp in
length that are repeated around 90,000 times in the mouse
genome (Hasties, 1989). SINE can proliferate in the genome
via a process known as retroposition (Rogers, 1983) and
can sometimes become integrated into coding regions. The
B2 element insertion in Gsdm3 generates an in-frame stop
codon changing the wild-type amino acid sequence en-
coded by exon 7 from 253-GluProGluGluGluLysLeuIle-260
to 253-GluProGluGluGluLysLeuArgAspTrp-262. Addition-
ally, the insertion results in a 15 bp duplication of nucleo-
tides 846–860 (AAGAAGAGAAGCTCA, boxed area in Fig 1).
A premature stop codon at this position in the gene would
suggest that the Dﬂ phenotype is because of nonsense-
mediated decay and haploinsufficiency. The existence of a
number of allelic variants of Gsdm3 all leading to dominant
phenotypes (Runkel et al, 2004), however, suggests a dom-
inant-negative effect of the truncated Dﬂ protein is more
likely. This possibility is supported by the presence of two
putative poly-adenylation signals provided by the B2 ele-
ment. To investigate this, RT-PCR studies were performed
to decipher the consequences of the insertion on the mRNA
level. Primer combination P1/P2 amplifies exons 4–7 of
Gsdm3, upstream of the B2 transposon insertion and was
used as a control to detect both the wild-type and the mu-
tated transcript. Combinations of P1/P3 (exons 4–8) and P1/
P4 (exons 4–9) were used to identify potential alternative
splicing. Although the P1/P2 product was amplified equally
in samples from all three genotypes, P1/P3 and P1/P4 frag-
ments were only detected in the Dﬂ/þ and þ /þ skin (not
shown). Thus indicating that the poly-adenylation signal
provided by the SINE insertion is used and that the Dﬂ
phenotype is most likely associated with the expression of a
truncated version of the Gsdm3 protein.
Characterization of the antibody to gasdermin A poly-
clonal antibody, RPGsdm, was raised to a peptide with high
homology to all three mouse gasdermins. The antibody de-
tected a band of 50 kDa in protein extracts from esophagus,
stomach, epidermis, and sebaceous-like glands (Fig 2).
From the results of Runkel et al (2004) it is clear that Gsdm3
is restricted to the epidermis, so we can assume that
RPGsdm also recognizes Gsdm1 that is highly expressed in
the stomach and esophagus and shares an identical se-
quence homology to the peptide used to raise the antibody.
To determine whether the antibody could bind all three
gasdermins, recombinant protein was made. Unfortunately,
however, only binding to Gsdm3 could be confirmed be-
cause of toxicity of the other two proteins in bacteria.
Immunolocalization of gasdermin Immunohistochemistry
of epidermis with the RPGsdm antibody revealed specific
reactivity with cells of the companion layer, the inner root
sheath and hair shaft of the hair follicle but not with the
progenitor cells in the hair bulb (Fig 3). The sebaceous gland
was also positive but expression was restricted to the cells
closest to the sebaceous gland duct (Fig 3). These are the
cells that are about to disintegrate and release sebum into
the hair shaft canal. Similarly, in the preputial gland (a gland
that is sebaceous like in morphology and secretes pherom-
ones), the cells with high sebum content express gasdermin
(Fig 3f) but the cells lining the duct also express high levels
of gasdermin. Other glands with sebaceous-like morphol-
ogy, including the Meibomium, sebaceous glands of the ear
canal, anal and clitoral glands, show a very similar distri-
bution of gasdermin expession (not shown). In the epider-
mis the gasdermin expression was restricted to the
suprabasal layers in all regions. The expression was pre-
dominantly cytoplasmic although some nuclear expression
in the granular layer of the epidermis and in the sebaceous
gland was also observed. No alterations in expression of
gasdermins were observed in the skin of Dﬂ/þ mice. The
sebaceous gland was also still positive for gasdermin in Dﬂ/þ
mice although the cells did not produce much sebum (Fig
3d). Because Gsdm3 is truncated before the epitope for
RPGsdm in defolliculated, immunohistochemistry of Dﬂ/Dﬂ
mice was also carried out. No differences were observed.
Since no Gsdm2 is expressed in skin, this indicates that
Gsdm1 is expressed in the upper epidermis, inner root
sheath, hair shaft, and sebaceous gland. In human skin a
similar distribution of gasdermin was observed in the inner
root sheath and hair shaft with no expression in the bulb
(Fig 5a–c). In the Henle’s layer the expression of gasdermin
Figure1
B2-element insertion in exon 7 of gasdermin 3
(Gsdm3) in defolliculated. Coding exons are
given in black, the B2 repeat in gray; boxed areas
indicate the 15 bp duplication generated during
retrotransposition. For better illustration only exon
information is given. The distance between neigh-
boring exons does not reflect actual intron sizes.
The Gsdm3 gene consists of 11 exons. Initiation
(ATG) and termination codons (TAA) are indicated
by arrows. A possible in-frame stop codon (TGA)
is present in the untranslated exon 1. The B2 el-
ement extends the coding part of exon 7 by three
additional amino acids to the end (RDW) and
provides a premature termination codon (TGA)
leading to a C-terminally truncated protein with a
length of 262 amino acid compared with the wild-
type sequence of 464 amino acid residues. P1–
P4 indicate the positions of the primers used for
RT-PCR.
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occurs in the cells as they differentiate and leave the bulb
but cuts off very rapidly so that the Flugelzellen of the
Huxley’s layer can be seen extending through the Henle’s
layer. This has also been seen with antibodies to keratins of
the inner root sheath (Langbein et al, 2003).
In the gastrointestinal tract the suprabasal layers of the
esophagus and all layers of the forestomach epithelium
were gasdermin positive. In the glandular stomach, areas
deep in the crypts of the glandular stomach were positive
(Fig 4).
Previous studies of gasdermin 1 suggested that it is ab-
sent in cell lines derived from stomach tumors (Saeki et al,
2000). No study of the expression of gasdermin in skin or
gastric tumors in vivo has, however, been carried out. To
see if basal cell carcinomas or squamous cell carcinomas
express normal levels of gasdermin, immunohistochemistry
of tumurs with the pan-gasdermin antibody as carried out.
Basal cell carcinomas (n¼5) were negative for gasdermin
expression perhaps reflecting the fact that tumur cells are
less differentiated (Fig 5d). The squamous cell carcinomas
(n¼3) were also negative for gasdermin with the exception
of a well-differentiated tumor with areas of squamous dif-
ferentiation (Fig 5e).
No gasdermin was detected by western analysis in
cultured human keratinocyte cell lines or primary mouse
Figure 2
Western blots of tissue extracts. Expression of gasdermins (A) is
observed in all skin sites in the þ /þ and Dfl/þ mice with lower ex-
pression in skin during the telogen stage (day 17 postpartum) of the hair
cycle compared with anagen (day 14). Keratin 14 antibody LL002 was
used to reprobe the blots to check for protein loading. Expression in
other organs (B) is confined to the upper intestinal tract. Gasdermin
was expressed at a lower level in the glandular stomach than in the
forestomach. An antibody to actin was used as an indicator of protein
loading. Only lipid producing glands (C) such as the preputial gland
express gasdermin.
Figure3
Immunolocalization of gasdermins in mouse skin and preputial
gland. Gasdermins are expressed in the upper layer of the epidermis,
the inner root sheath, the hair shaft, and the sebaceous glands of þ /þ
(a) and Dfl/þ mice (b). In the tail the sebaceous glands are larger and
the expression of gasdermins in the most mature sebocytes at the
entrance to the duct can be easily seen in wild-type þ /þ mice (c). The
sebaceous gland of Dfl/þ mice also expresses high levels of gas-
dermins but no sebum is produced (d). The larger hair follicles of the
vibrissae, for example, show that the gasdermins are located in the
Huxley’s layer of the inner root sheath, Henle’s layer before it hardens,
and the companion layer of the outer root sheath (e). In the preputial
gland, only the most mature sebocytes next to the duct express gas-
dermins (f). Scale bars¼100 mm. Scale bar is the same for (a, b) and for
(c, d).
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keratinocytes even when allowed to differentiate suggesting
this protein is a late differentiation marker.
Identiﬁcation of ﬁnnegan, an allele of defolliculated Be-
cause the function of gasdermin is so far unknown we are
investigating other mice with hair loss phenotypes that have
been mapped to chromosome 11 to identify additional mu-
tations in Gsdm3. This will potentially reveal functional do-
mains of gasdermins that are central to its role in skin and
gastric differentiation. Finnegan was identified in a screen
for mouse mutations induced by N-ethyl-N-nitrosourea
(ENU) chemical mutagenesis (Nolan et al, 2000). The hair-
loss phenotype was immediately obvious at 3–4 wk of age
and is fully penetrant and dominantly inherited. The gene
underlying the phenotype of finnegan was mapped to chro-
mosome 11 between markers D11Mit177 and D11Mit214.
An additional marker D11Mit123, 1cM from gasdermin
genes was also heterozygous for all mutants tested. The
phenotype was examined further by histology at different
ages of Fgn/þ mice, covering the first two hair cycles. The
phenotype appeared identical to Dﬂ/þ mice with altered
sebaceous gland differentiation, failure to regress during
catagen, and short hair shafts (not shown). We therefore
sequenced the Gsdm3 cDNA prepared from RNA extracted
from heterozygous animals and discovered a point mutation
causing amino acid change T278P. The mutation was con-
firmed by amplifying and sequencing exon 8 of 10 mutants.
T278 lies in a region of the protein that is predicted to form a
coiled coil and the proline substitution would be expected
to significantly alter the structure of this coiled coil (Combet
et al, 2000).
Discussion
We describe here two mutations in Gsdm3, associated with
hair-loss phenotypes. These bring the number of mutations
in Gsdm3 to five. So far no mutations in Gsdm1 and Gsdm2
have been identified possibly because of lethality of dom-
inant-negative mutations in stomach and esophagus. In
humans and other rodents a single gasdermin gene exists
(Runkel et al, 2004). Mouse Gsdm3 is the only gasdermin
restricted to the epidermis and appendages (Runkel et al,
2004). Hence replication of the gasdermin gene in mouse
provides the opportunity to study viable mice carrying gas-
dermin mutations.
We also show that the expression of gasdermins in the
epidermis is consistent with the tissue extent of the phe-
notype of these mice. The expression in sebaceous gland
and hair shaft could explain the altered differentiation of
these appendages leading to reduced sebum production
and shortened hair shafts in finnegan and defolliculated.
Some of the aspects of the phenotype of these mice, such
as the delay in regression during catagen and the increased
dermal cellularity of the mice, may be secondary to the de-
fect in the sebaceous gland differentiation. This is suggest-
ed by the similarities in the phenotype of finnegan and
defolliculated to asebia, a mouse mutant with a mutation in
an enzyme involved in sebum production (Zheng et al, 1999;
Sundberg et al, 2000).
Figure 4
Expression in the mouse gastrointestinal tract. In the esophagus
gasdermins are expressed in the differentiating suprabasal layers only
(a) and in all layers of the forestomach (b). In the glandular stomach
cells deep in the crypts (probably chief cells) are positive (c). Scale
bar¼ 100 mm. Scale bar is the same for (a—c).
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Recently hedgehog signalling has been shown to be in-
volved in sebaceous gland morphogenesis and differentia-
tion (Merrill et al, 2001; Allen et al, 2003). Sonic hedgehog
signalling is also involved in the anagen phase of the hair
cycle (Wang et al, 2000; Oro and Higgins, 2003). Of potential
significance is the expression pattern of Indian hedgehog
since this protein, like gasdermin, is also expressed in the
most differentiated cells of the sebaceous gland (Niemann
et al, 2003). The work of Niemann et al suggests that Indian
hedgehog may stimulate the proliferation of the sebaceous
gland progenitors in a paracrine fashion.
Sebaceous glands secrete sebum by a holocrine proc-
ess. Cells in the periphery of the gland in contact with the
basement membrane divide and begin to differentiate. As
they mature they accumulate lipid droplets and move into
the center of the gland. When fully mature, the cells in con-
tact with the duct burst and die releasing their lipid contents
(Thody and Shuster, 1989). Although all types of sebaceous
gland, independent of location and species, secrete lipids
by this method, the control of sebum production can be
quite different (Thody and Shuster, 1989). Gasdermin clearly
seems to be involved right at the end of sebum production
since it is expressed in the fully mature sebocytes about to
disintegrate and release sebum. The expression of gasder-
min in preputial glands, meibomium glands, and in human
sebocytes suggests that this part of the sebum production
may be controlled in a similar manner in sebaceous glands
of different origins. So, although acne is essentially a human
disorder, it may be that some aspects of sebaceous gland
lipid production can benefit from the study of mutant mice.
The gasdermin-expressing cells of the epidermis have
one thing in common: they are all about to undergo pro-
grammed cell death to produce the cornified layer of the
skin, the hardened tube of the inner root sheath or to dis-
integrate and release lipids. In the gastrointestinal tract the
expression in the esophagus and forestomach is similarly
restricted to differentiated cells and in the glandular stom-
ach it appears to be restricted to chief cells, cells that
produce the enzyme pepsinogen, cells that are not found
anywhere else in the gastrointestinal tract.
The sequence of gasdermins contains a potential leucine
zipper motif that led to the suggestion that they might be
transcription factors (Saeki et al, 2000). The expression of
gasdermin in some nuclei supports this hypothesis. The Dﬂ
mutation would truncate the protein before this motif. The
Fgn point mutation could alter the structure of the coiled coil
domain adjacent to the leucine zipper (Fig 6). These muta-
tions differ to those reported previously (Runkel et al, 2004)
since Rco2, Bsk, and Reden mutations are unlikely to affect
the structure and function of the coiled domains (Fig 6). The
resulting phenotype caused by these different mutations
suggests that they may affect the function of gasdermin to a
variable degree. For example both Dﬂ and Fgn mice have
shorter hair shafts whereas the others have normal length
hairs (Sundberg, 1994a, b; Runkel et al, 2004). Additional
comparisons of the hair cycle and manner in which the hair
is lost in these different alleles may also reveal a genotype/
Figure 5
Expression of gasdermins in
human skin. (a) It is clear that
gasdermins are expressed in
the inner root sheath and hair
shaft as well as the companion
layer as seen in mouse follicles.
In Henle’s layer the expression
cuts off very rapidly (arrow)
so that the Flugelzellen (arrow
head) of the Huxley’s layer can
be seen extending through
Henle’s layer. In a parallel sec-
tion (a0) stained with hem-
atoxylin (shown in black and
white for greater contrast) the
hardening of the inner root
sheath appears to occur just
after the loss in expression of
gasdermin (arrow head). (b) The
most mature sebocytes in the
center of the acini are most
positive for gasdermin. In nor-
mal epidermis the expression of
gasdermin is restricted to the
very last layer of the suprabasal
layer (c).In epidermis overlying
tumors, however, there is an
expansion of cells expressing
gasdermin (d). In tumors of the skin there is no expression in the basal cell carcinomas (d) and only in the regions of squamous differentiation (the
horn pearls) of well-differentiated squamous cell carcinomas (e). Scale bars¼100 mm. Scale bar is the same for (b, c) and for (d, e).
Figure6
Position of gasdermin 3 (Gsdm3) mutations. Gsdm3 has three coiled
coil domains (black rectangles) with a potential leucine zipper (gray box)
at the beginning of the second. The Dfl protein is truncated close to the
beginning of the first coiled coil. The Fgn point mutation could poten-
tially severely disrupt the structure of the first coiled coil. The Rco2 and
Bsk point mutations as well as the Reden insertion are outside the coiled
coil domains.
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phenotype correlation (Porter et al, 2002; Runkel et al,
2004). Further work will be carried out to determine whether
gasdermins can interact with other leucine zipper transcrip-
tion factors that are expressed in the epidermis and what
role they may play in late differentiation of the epidermis and
the pilosebaceous unit. The identification of gasdermins by
mapping of spontaneous or chemically induced mutations
underlines the importance of this approach for discovering
mouse models to study the function of novel genes.
Materials and Methods
Mice and cell lines Defolliculated has been described previously
(Porter et al, 2002). Finnegan was identified during a screen for
mutants generated by ENU mutagenesis. The human keratinocyte
cell line HaCaT (Ryle et al, 1989), and squamous cell carcinoma
cell line TR146 were cultured in DMEM with 10% fetal calf serum
and grown to a post-confluent state to allow for differentiation to
occur. Primary mouse keratinocytes were obtained by immersing
skin from E16.5 embryos in dispase overnight at 41C and then
trypsinization of epidermis stripped from the dermis as described
previously (Caldelari et al, 2000). Differentiation was induced by
raising the calcium concentration to 1.2 mM with calcium chloride.
Identiﬁcation of Gsdm3 mutations Mouse genomic DNA was
purified from tail tips of three affected F2(BALB/c X C57BL/6J)-Dfl
individuals using the DNeasy 96 Tissue Kit (Qiagen, Crawley, UK)
according to the manufacturer’s protocol. For mutational analyses of
gasdermin genes, exons, and adjacent intronic segments were am-
plified and their sequence compared with both parental strains and
heterozygous controls. For the amplification of the Gsdm3-specific
products encompassing exon 7 from skin samples of heterozygous
and homozygous Dfl mice the following genomic primers were
used: Gsdm3-1, sense, TATACTCGCAGAATATCCGTA; Gsdm3-2,
antisense, TCTTCCCGGTCAGTCCCATA; amplicon length, 212 bp.
To identify Gsdm3 transcripts, RT-PCR was carried out with
sense primer P1, ACGAGATGAGGTATCATGAGA and antisense
primers P2, GAGCTTCTCTTCTTCTGGCTC, P3, AAGTGAGTAG-
GGAGCTTCGA, and P4, CACTTTCTGACCCTTGTCTAA (cf Fig 1).
To prove RNA quality and to exclude DNA contamination, the
following actin primers were used: sense, CCATGAAACTACATT-
CAATTCC and antisense, AGCTCAGTAACAGTCCGCC, amplicon
length, cDNA 325 bp; DNA, 450 bp.
Finnegan was mapped to mouse chromosome 11 using a gen-
ome scan of (mutagenized BALB/cOlaHsd X C3HeH) X C3HeH
backcross progeny as described previously (Nolan et al, 2000).
Fine mapping of finnegan on chromosome 11 was carried out us-
ing the following markers: D11Mit172, D11Mit231, D11Mit242,
D11Mit177, D11Mit35, D11Mit288, and D11Mit214. Gsdm3 was
identified as a potential candidate gene based on phenotypic sim-
ilarities of finnegan and defolliculated. BALB/cOlaHsd/C3HeH het-
erozygosity for the marker D11Mit123, 1 cM from the gasdermin
gene, was subsequently confirmed for 10 mutants. The mutation in
finnegan was identified by sequencing gasdermin 3 cDNA (as de-
scribed below in cloning of gasdermins) and then confirmed by
amplifying exon 8 of 10 mutants and the parental strains using
the following intronic primers Gsdm-17: 50-CCTGAAGCCTACA-
GAACCTA-30 and Gsdm-18: 50-TCCAGCAGCCAAGGTGCAC-30.
Antibodies to gasdermins Polyclonal antibodies to gasdermins
were raised in two rabbits by injecting the peptide KEG-
FPLQPDLLSSL (which has high sequence homology to mouse
gasdermins 1, 2, 3, and human gasdermin) linked to keyhole limpet
hemacyanin (Moravian Biotechnology, BRNO, Czech Republic).
Affinity purification was achieved using Reactigel 6X agarose
beads (Perbio Science, Cramlington, UK) conjugated with the
peptide. After affinity purification only one antibody, referred to as
RPGsdm, was deduced to be specific to gasdermins.
Cloning of gasdermins RNA was extracted from the skin or stom-
ach of C57BL/6J mice and mutant strains using Trizol. (Gibco,
Paisley, UK) cDNA was then prepared with AMV reverse transcript-
ase using oligo dT as primer. Gasdermin-specific primers were then
designed from Genbank sequences to amplify the cDNA of gasder-
min 1 (accession no: NM_021347), gasdermin 2 (accession no:
AK008663) and gasdermin 3 (accession no: AY679090). All products
were cloned into pGEM and sequenced, then subcloned into the
bacterial expression vector pET using a PCR-generated NdeI site at
the beginning of the cDNA.
Preparation of recombinant protein Recombinant protein was
prepared by inducing expression in BL21 bacteria with IPTG and
arabinose. Protein of induced and uninduced bacteria was ex-
tracted in Laemmli sample buffer and run on 10% poly-acrylamide
gels. Protein was then transferred by western blotting to Immobilon
PVDF membrane (Millipore, Watford, UK) and probed with
RPGsdm. Both Gsdm1 and Gsdm2 were toxic to bacteria even
when cultured in the presence of glucose.
Expression of gasdermins Tissues were dissected from wild-
type C57BL/6J (Harlan UK, Loughborough, UK) animals and snap
frozen on dry ice. These tissues included skin (tail, dorsal, ear, and
paw), esophagus, stomach, duodenum, ileum, colon, kidney, liver,
lung, spleen, bladder, testis, ovary, uterus, vagina, preputial and
clitoral gland, meibomium gland, ceruminous gland, anal gland,
mandibular gland, thymus, and parotid gland. Cell extracts were
prepared from confluent cultures. Protein was extracted in La-
emmli sample buffer and run on 10% poly-acrylamide gels. Anti-
serum RPGsdm was diluted 1:1000 for western blotting. The
secondary antibody was anti-rabbit immunoglobulins conjugated
to horse radish peroxidase diluted 1:500 and visualization of bands
was carried out by chemiluminescence using ECL reagent (Amer-
sham, Little Chalford, UK).
Immunohistochemistry Mouse tissues for immunohistochemistry
were fixed in neutral buffered formalin and embedded in paraffin
wax. Basal cell carcinomas (n¼ 5) and squamous cell carcinomas
(n¼ 3) were obtained from the Ninewells Hospital tissue bank. The
collection of this material has been approved by the Tayside Uni-
versity Hospitals NHS Trust and tissue was obtained with written
informed consent. The study was conducted according to declara-
tion of Helsinki principles. Unmasking of the antigen was performed
at 1201C for 20 min in a pressure cooker 2100 Retriever system
(PickCell laboratories, Amsterdam, the Netherlands). Affinity-purified
RPGsdm antibody was diluted 1:200 in dilution buffer. The DAKO-
Envision system (DakoCytomation, Ely, UK) was used to detect pri-
mary antibodies. Slides were counter-stained in hematoxylin.
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